ABSTRACT
INTRODUCTION
The ophthalmic artery (OphA) is the first branch of the internal carotid artery distal to the cavernous sinus. The OphA supplies the structures within the orbit as well as some structures in the nose, face and meninges. The OphA arises from the internal carotid along the medial side of the anterior clinoid process and runs anteriorly passing through the optic canal inferolaterally to the optic nerve. The central retinal artery (CRA) is the first, and one of the smaller branches of the OphA. The next branch of the OphA is the lacrimal artery. It is one of the largest branches within the orbital cavity.
The supraorbital artery is the second major branch of the OphA. Around the supraorbital notch, the OphA has some critical spontaneous intracranial-extracranial anastomoses with the terminal branches of the facial artery.
The volume rendering technique may be used in the threedimensional evaluation of some anatomical structures such as OphA. The volume rendering technique is a group of modalities in the conversion of two-dimensional images to three-dimensional images (2, 5, 12) . The two-dimensional images acquired by computerized tomography and magnetic resonance imaging is used to create the volume rendered images (2, 4, 5) . Three-dimensional reconstructed images accurately reflect the real measurement in patients who have undergone multislice helical CT examination (15) . In this study, we used the OsiriX software program for volume rendering technique to create three-dimensional ophthalmic artery images. The results of this study and the feasibility of this technique are discussed under the light of published medical literature.
MATERIAL and METHODS
Any additional radiological examination and providing any drug were performed to the patients for this study. The patient population included the cases that were brought to our neurosurgery department because of subarachnoid hemorrhage, and where a decision was made for further 3D-CTA investigation for cerebral aneurysm evaluation. The raw data of the 3D-CTA were transferred and recorded to a computational software database. The purpose of performing 3D-CTA was only the examination of the intracranial vascular pathology after the insult of subarachnoid hemorrhage. Some part of these raw data were used for examination of the three dimensional anatomy of the OphA and its spontaneous extracranial-intracranial anastomoses with the branches of the facial artery. Any additional procedure was done any of the patients. Imaging data were stored in the digital imaging and communications in medicine (DICOM) format and subsequently analyzed with imaging software to convert into the three-dimensional volume rendered neurovascular images. The computer program created the three-dimensional OphA images using these transferred raw data with the volume rendering technique. Three-dimensional images of the OphA were evaluated in terms of general shape, emerging point from the optic foramen, length, and the site of the spontaneous intracranial-extracranial anastomoses with the branches of the facial artery.
RESULTS
The study group consisted of 45 (24 female and 21 male) patients. The mean age of the patients was 56±95 years. Any additional radiological procedure and/or drug were performed to any patient for this study. The purpose of the radiological examination of the patients was only to diagnose and evaluate their own disorder. The radiological images from this examination were retrospectively transferred to a computer. Three Dimensional OphA images were created with 3D-Volume Rendering Technique using the OsiriX MD software program.
The entry points of the OphAs through the optic foramen was evaluated by using three-dimensional images (Figure 1 ). The emerging site of the OphA from the medial site of the internal carotid artery and its entry to the optic canal is shown in Figure 1 . The surface of the optic foramen to the ophthalmic cavity was divided into four-quarter sections by vertical and axial planes passing at the central point of the foramen (Figures 2, 3 ). The inferior half of the foramen included three different parts as inferior-lateral, middle-inferior, and inferior-medial ( Figure 3 ). The dividing of the optic foramen is shown in Figure 3 . The OphA exited from the foramen through the middle inferior part in 29 (64%) of the cases (Figure 4) . The inferior-lateral part was found in 9 (20%) of the cases. In five (11%) of the cases, the OphA passed to the ophthalmic cavity through the inferior medial side of the optic foramen. In the remaining two (5%) cases, the existing point was found to be the lateral side of the ophthalmic foraminal opening.
The OphA was divided into four segments as canalicular (O1), postcanalicular-prelacrimal (O2), Postlacrimal-presupraorbital (O3), and postsupraorbital or terminal (O4) ( Figure 5 ). The segmentation of the OphA is shown in Figure 5 and 6. The emerging point of the supraorbital artery is the border of the postsupraorbital or terminal segment. The length of the prelacrimal segment was 0.54±0.13 centimeters at the right side and 0.51±0.13 centimeters at the left side. The distance of the postlacrimal-presupraorbital segment was 0.43±0.11 centimeters at the right and left sides. The determination and evaluation of the postsupraorbital or terminal segment was not optimally done using this technique in the majority of the cases because of the calibration of the artery and imagination difficulties.
The site of the spontaneous intracranial-extracranial anastomosing with the angular artery was also evaluated in these images. The quality of the images in the evaluating of the anastomosis was quite enough in the majority of the cases. The location of the anastomosing site was found to be 0.97± 0.42 centimeters inferior-medial from the supraorbital notch.
DISCUSSION
Three-dimensional anatomical details of the OphA can be imagined using the volume-rendering technique. Gross microscopic and microsurgical anatomy of this vascular between the range of 70% and 96% depending on the size and location of the pathology (7, 10, 11, 14) . In addition to that; CT angiography data sets can be used to select to treat aneurysm and thus avoid only performing diagnostic DSA (1). Furthermore, CT angiography has high utility and some abnormalities determined by CT angiography have a strong prognostic value (9) . Nevertheless, it still has limited sensitivity in detecting aneurysms less than 3 mm despite the technical advances of CT angiography mentioned above (1).
The volume rendering technique was first developed based on research at the Mayo Clinic in the 1970s (2) . Following advances in image processing hardware and integration of new data manipulation techniques were developed by University of North Carolina and Pixar (4, 8) . After this date, some important progress was achieved in parallel with hardware and software advancement in computer technology as well as image processing technology in neurological radiology. According to literature records, it may be concluded that cadaveric and CT angiographic measurements are similar and overlap with each other (3, 6) . This may provide considerable intra-operative safety in surgical approaches related to anatomical structures such as OphA. When preoperative CT angiography is performed, the best surgical approach can be determined and potential complications can be avoided. OsiriX is software for radiological image processing. Using the software can provide three-dimensional images. The threedimensional viewer provides modern rendering modes such as multiplanar reconstruction, surface rendering, volume rendering, and maximum intensity projection. In the present study, we used the OsiriX software to process DICOM images. This software may show the basal cerebral arteries and OphA together with the bone structure of the cranial base and orbital cavity.
The OphA enters the orbital cavity through the optic foramen. The entry points were evaluated by using three-dimensional volume rendered images (Figure 1 ). The optic foramen was clearly imagined in all cases (Figure 2) . Before the evaluation, we divided the surface of the foramen facing the orbital cavity into four equal parts with two imaginary lines (vertical and axial lines) passing through the central point of the foramen (Figures 3, 4) . The imaginary axial line divided the foramen into equal halves as superior and inferior parts. The inferior half of the foramen could be divided as inferior lateral, middle-inferior and inferior medial parts. The exit site of the OphA was evaluated according to these parts. Generally the OphA left via the optic foramen to the orbital cavity through the middle-inferior part of the foraminal opening as seen in 64% of the cases in this group (Figure 4) . The second group was the inferior lateral group including 20% of the cases. The lateral exit was found to be very rare.
The segmentation of the OphA can be done according to related anatomical structures around and/or passing through the artery. The OphA was mainly divided as four parts as canalicular (O1), postcanalicular-prelacrimal (O2), postlacrimal-presupraorbital (O3) and postsupraorbital or structure may be evaluated using these images. The ophthalmic artery (OphA) is the first branch of the internal carotid artery after passing through the cavernous sinus. The OphA supply the structures within the orbit as well as some structures in the nose, face and meninges. The OphA arises from the internal carotid along the medial side and runs anteriorly passing through the optic canal inferolaterally to the optic nerve. The central retinal artery (CRA) is the first, and one of the smaller branches of the OphA. The next branch of the OphA is the lacrimal artery. It is the one of the largest branches within the orbital cavity. The supraorbital artery is the second major branch of this artery.
Digital Subtraction Angiography is still the most sensitive diagnostic procedure in the evaluation of intracranial and extracranial vascular lesions such as aneurysms and arteriovenous malformations (12) . At the same time, digital subtraction angiography is expensive, invasive, and brings an associated 1.5% to 2.0% risk of significant morbidity and mortality (13) . Computerized tomographic angiography with its three dimensional advantage that can depict the arterial lumen and wall is a fast and inexpensive tool and widely available technique for intracranial aneurysm detection. Intracranial aneurysms can be easily diagnosed with a performance that can be comparable to that of DSA (1) . In the published literature, the diagnostic sensitivity of computerized tomographic angiography was reported terminal (O4). The canalicular part is totally located inside the optic canal with the optic nerve. This part starts at the emerging point from the medial side of the internal carotid artery and ends at opening of the optic foramen to the intraorbital cavity. The second main part is located within the orbital cavity. It is the segment located between the intraorbital opening of the optic canal and emerging point of the lacrimal branch of the OphA. The length of the prelacrimal segment was found to be 0.54±0.13 centimeters at the right side and 0.51±0.13 centimeters at the left side. The postlacrimal segment is located between the lacrimal artery and supraorbital artery. The distance of the postlacrimal-presupraorbital segment was 0.43±0.11 centimeters at the right and left sides.
The location and calibration of the spontaneous intracranialextracranial critical anastomoses of the OphA with the branches of the facial artery can also be evaluated using three-dimensional volume rendered images in cases with subarachnoid hemorrhage. The results of the present study revealed that the location of the anastomosis site is located 0.97±0.42 centimeters inferior and lateral from the supraorbital notch. The imagination and evaluation of this place is important especially in the cases with obstructive internal carotid artery disease proximal to the emerging point of the OphA. This location should be taken into account in cases with obstructive intracranial vascular diseases.
CONCLUSION
Three-dimensional images of the head including bone and vascular structures may provide some specific dynamic information. The microsurgical anatomy of the OphA could be examined using three-dimensional volume rendered images from contrast enhanced computerized tomographic examination in the cases with subarachnoid hemorrhage. Digital estimations of the segments may also be made using these images. The spontaneous intracranial-extracranial anastomosis of the OphA with the terminal branches of the facial artery can also be evaluated using this imaging modality.
